T he previous traditional soybean [Glycine max (L.) Merr.] production system in the midsouthern United States used cultivars of maturity groups (MG) V, VI, and VII that were planted in May and June and harvested in October and November (Heatherly et al., 1999) . The reproductive periods of these MGs occurred during periods of high-water demand and drought from July through September. To avoid drought stress during late July through early September, the early soybean production system (ESPS) was developed and emphasized early maturing cultivars (MG IV and V) planted in April through early May and harvested in August and September (Heatherly et al., 1999) . The eff ect of the switch from the traditional production system to the ESPS on oil, protein, and fatty acids in soybean is not well understood.
Soybean is a major source of high quality protein and oil (Grieshop and Fahey, 2001) , and its value is determined by the protein and oil content of the seed. Protein in soybean seed ranges from 341 to 568 g kg -1 of total seed weight, with a mean of 421 g kg -1
. Oil ranges from 83 to 279 g kg -1 , with a mean of 195 g kg -1 (Wilson, 2004) . A negative relationship between protein and oil content is well established (Burton, 1985; Ray et al., 2006) . The concentration of saturated fatty acids in soybean oil ranges from 100 to 120 g kg -1 for palmitic acid, and from 22 to 72 g kg -1
for stearic acid (Cherry et al., 1985) . The mean concentration of
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ABSTRACT
The effect of maturity (time to maturity) on seed composition in soybean [Glycine max (L.) Merr.] genotypes is not well understood because maturity is generally confounded with genotypic background. Therefore, the effects of maturity on seed composition were estimated in two sets of near isogenic soybean lines ('Clark' and 'Harosoy') , where the maturity of each line within a set varied, but all had a common genotypic background. There was a positive linear relationship between protein concentration and maturity among isolines of the Clark set in 2004 (r 2 = 0.75; P ≤ 0.001) and 2005 (r 2 = 0.63; P ≤ 0.001). However, in Harosoy isolines there was no relationship between protein and maturity. There was a negative linear relationship between oil concentration and maturity for Clark (in 2004, r 2 = 0.82, P ≤ 0.001; in 2005, r 2 = 0.91, P ≤ 0.0001) and Harosoy (in 2004, r 2 = 0.19, P ≤ 0.05; in 2005, r 2 = 0.36, P ≤ 0.01). Maturity had greater effects on seed composition than maximum temperature. The results indicate that the relationship between seed composition and maturity was different between the Clark and Harosoy sets of isolines. However, the overall mean of protein and oil concentration was not different between genotypic backgrounds. This information will be useful for soybean breeding in developing new germplasm for seed composition.
unsaturated fatty acids in oil is 240 g kg -1 for oleic acid, 540 g kg -1 for linoleic acid, and 80 g kg -1 for linolenic acid (Schnebly and Fehr, 1993) .
The eff ect of environment and MG on seed composition has been previously studied (Maestri et al., 1998; Piper and Boote, 1999; Zhang et al., 2005; Dardanelli et al., 2006) . Dardanelli et al. (2006) evaluated the consistency of MG eff ect and its interaction with the environment (E) on protein and oil in 3-yr multilocation soybean trials across Argentina. The cultivars tested varied yearly and were grouped by MG for analysis. Six maturities (II-III, IV, V, VI, VII, and VIII-IX) were evaluated in 14 to 24 environments in each year. An environment was defi ned by planting date and location. Dardanelli et al. (2006) found that the environment was the most important source of variation, except for 1 yr for protein and oil content. Additionally, the main eff ect of MG was greater than the eff ect of MG × E interaction for oil content, and oil + protein content. Dardanelli et al. (2006) found that all environments produced high oil in cultivars belonging to MGs II-III and IV. For protein, the MG × E interaction was seen in two MG × E combinations that maximized protein (i.e., in some environments MG VI had the highest protein and in others MG II-III yielded more protein). Dardanelli et al. (2006) suggested that high temperature during seed fi ll could explain the consistent pattern of higher oil content across seasons and environments in earlier MGs, causing a similar performance of MG. These fi ndings are in agreement with those of Piper and Boote (1999) , who studied the eff ect of mean daily temperature and cultivar on oil and protein concentration. Piper and Boote (1999) included 20 cultivars representing 10 MGs across 60 locations under temperature conditions ranging from 14.6 to 28.7°C. They found a quadratic relationship between protein and mean daily temperature during seed fi ll with higher concentrations of protein with temperatures below 20°C. Maestri et al. (1998) investigated the eff ect of mean temperature during the developmental period of soybean on seed composition. They found that there was a negative correlation between oil content and mean temperature during seed maturation, but no eff ect was found for temperature on protein or fatty acids content of the oil.
The variability of seed composition in the above studies can be attributed to MG, genotype within MG, environment, and their interactions. However, maturity and genotype were confounded in each of the above studies because the genotypes of the same MG did not have a common genotypic background. Hence, there is a need to evaluate the eff ect of maturity on seed composition without the bias of diff erent genotypic backgrounds for each maturity. In this study, we took advantage of two sets of near-isogenic lines developed with diff erent maturities within a common genotypic background. One set with nine isolines was derived from 'Clark' ( Johnson, 1958) and the other isoline set with seven lines was derived from 'Harosoy' (Weiss and Stevenson, 1955) . Within each set, the isolines vary in maturity due to diff erent combinations of maturity genes (E1, E2, E3, E5). By using the isoline sets, single genotypic backgrounds can be tested in multiple maturity environments from the same planting date in the same fi eld. The objective of this study was to use these two sets of near-isogenic lines as two estimates for determining the eff ect of maturity among and between the Clark and Harosoy isoline sets on seed composition in the ESPS.
MATERIALS AND METHODS
Field experiments were conducted at the Delta Research and Extension Center, Stoneville, MS (33°26′ N lat) using two sets of near-isogenic soybean lines, one derived from cultivar Clark ( Johnson, 1958) and the other from cultivar Harosoy (Weiss and Stevenson, 1955) . Each of the near-isogenic lines within a set has the same genotype except for diff erent combinations of alleles for maturity and pubescence color (the maturity E1 locus is tightly linked to the pubescence "T" locus). To study the eff ect of a wider range of maturities on seed composition, without the confounding eff ects of the genotypic background, each set was studied separately. The Clark isoline set consisted of nine isolines and the Harosoy isoline set consisted of seven isolines (Table 1) . To study the eff ect of genotypic background of Clark and Harosoy isolines on seed composition, six pairs of isolines (six isolines from each background, "common set") were used (Table 1) . Each pair shared the same maturity gene combination. Maturities diff ered within pairs due to background genotype and its interaction with maturity genes. Therefore, maturity genotype did not always have the same maturity phenotype (actual maturity date) as shown in temperature on oil and protein, response surface analysis was used. Therefore, regression equations containing both linear and quadratic functions for maturity and temperature were established. The resulting response surface model (Khuri and Cornell, 1987) had the form:
where X 1 is temperature, X 2 is maturity, and Y is protein or oil. To study the partitioning of variance in seed composition into the portions attributable to isoline set (genotypic background of Clark and Harosoy isoline sets), maturity, temperature, and to all combinations of independent variables, analysis of commonality (Emigh, 1984) was conducted using SAS. Commonality analysis allows the partitioning of the explainable variance in a dependent variable (i.e., protein or oil) into the portions attributable to each independent variable (i.e., unique isoline set [genotypic background of Clark and Harosoy isoline sets, unique maturity, and unique temperature]) and to all combinations (common eff ects). To understand the relationship between seed composition components and maturity over the full range of maturities, we used all lines in each set in the analysis. To evaluate the eff ect of genotypic background on seed composition, we used the six pairs of Clark-Harosoy isolines whose maturity gene combinations matched (Table 1) 
RESULTS

General Analysis of Variance for Seed Composition and Maturity
Analysis of variance for the full range of maturity genes in Clark and Harosoy isoline sets (full sets) ( Table 2) showed signifi cant eff ects for maturity (P < 0.0001), year (P < 0.0001), and maturity × year interactions (P < 0.0001) for oil concentration in Clark isolines. For protein concentration, only maturity (P < 0.0001) and maturity × year eff ects (P < 0.0001) were signifi cant. For the Harosoy isolines, year (P = 0.002) and maturity (P = 0.0003) had signifi cant eff ects for oil. For protein, only maturity had a signifi cant (P < 0.0005) eff ect. There were no signifi cant eff ects for the maturity × year interaction for either oil or protein for Harosoy (Table 2) .
For fatty acids (detailed analysis of variance not shown), except for oleic and linolenic acids, where the year × maturity interaction had a signifi cant eff ect (P ≤ 0.05) for Harosoy, maturity and year were the only signifi cant sources of variation in the Clark and Harosoy isolines. Since the maturity × year interactions were signifi cant for some seed components, data for each year were analyzed separately.
Relationships between Seed Composition and Maturity in Full Sets of Isolines
In the Clark isolines, there was a signifi cant (P ≤ 0. (Table 3) . In both years, protein manuscript, maturity refers to maturity date and it is the total number of days from April 1 (i.e., April 1 = Day 1). Each isoline was considered mature (reached R8 stage) according to Fehr and Caviness (1977) . . Plots were four rows wide and 5.8 m long, but were end-trimmed to 4.9 m before harvest. Shortly after R8, the middle two rows were harvested from each plot for seed. R8. The experiment was grown on a Sharkey clay (very-fi ne, smectitic, thermic chromic Epiaquert) and was furrow-irrigated as needed to avoid water stress.
Maximum temperature data were collected from the Stoneville, MS, weather station (MSUCares, 2008) . To estimate the eff ect of temperature on protein and oil production, the mean maximum temperature for the period of 20 d before maturity was analyzed according to Wilcox and Cavins (1992) and Howell and Cartter (1953) . In our study, maximum temperature values were averaged for the period of 20 d before maturity (R8).
Photoperiod data were calculated using a program written in Visual Basic (MicroSoft, Seattle, WA). The eff ect of photoperiod on protein, oil, and fatty acid concentrations were investigated in the same manner as temperature data described above.
Seed Analysis for Protein, Oil, and Fatty Acids
Seed from each plot were analyzed for protein, oil, and fatty acids. About 25 g of seed from each plot was ground using a Laboratory Mill 3600 (Perten, Springfi eld, IL). Analyses were conducted by near infrared refl ectance (Wilcox and Shibles, 2001) , using a diode array feed analyzer AD 7200 (Perten). Calibrations were developed by the University of Minnesota, using Perten's Thermo Galactic Grams PLS IQ software. To improve accuracy, the calibration curve was updated as needed for oil, fatty acids, and protein using high performance liquid chromatography. Analyses of protein and oil were performed based on a seed dry matter basis (Wilcox and Shibles, 2001; Boydak et al., 2002) . Fatty acids were analyzed on an oil basis.
Experimental Design and Analysis
A randomized complete block design with three replications was used. Statistical analyses were conducted using Proc Mixed analysis of variance using SAS package (SAS Institute, 2001 ). To evaluate the eff ect of genotypic background of Clark and Harosoy isoline sets on seed composition, we analyzed the common set based on a factorial design of two backgrounds by six pairs of E-genes using general linear mixed model with year, background, E-gene, background × E-gene, year × background, year × E-gene, and year × background × E-gene as fi xed eff ects and replications within year, rep (year), as a random eff ect. Regression of seed composition with maturity, temperature, and photoperiod was conducted using Proc REG using SAS.
To characterize the direction eff ects (additive/positive or antagonistic/negative) of the relationship of maturity and between average maximum temperature and time to maturity was signifi cant (P ≤ 0.05) (data not shown), indicating that average maximum temperature and maturity were confounded. Therefore, temperature was considered an additional variable to be analyzed.
For the Clark isolines, regression of seed composition traits on average maximum temperature for the period of 20 d before maturity showed a signifi cant (P ≤ 0.05) negative relationship with protein (r 2 = 0.61) ( Fig. 2A and concentration increased with maturity, but oil concentration decreased with maturity (Fig. 1A, 1B) . For the fatty acids, only stearic acid showed a weak and signifi cant (P ≤ 0.01) negative linear relationship (Fig. 1A, 1B) with r 2 = 0.32 and r 2 = 0.33 with maturity in both years (Table  3) . Oleic, palmitic, and linolenic acids did not have a signifi cant relationship with maturity in either year (Table 3 and Fig. 1A, 1B) . The relationship between linoleic acid and maturity was inconsistent across years with a positive relationship in 2004 (r 2 = 0.27; P ≤ 0.01) and no relationship in 2005 (r 2 = 0.0008; P = 0.8899) ( Table 3) . For Harosoy isolines, a lesser (r 2 = 0.19 in 2004; r 2 = 0.36 in 2004) but signifi cant (P ≤ 0.05) negative relationship was found between oil concentration and maturity. However, there was no relationship between protein or fatty acids and maturity across years (Table 3 and Fig. 1C, 1D ). Regression analyses (Table 4 ) of the common set showed similar general relationships to those of the full set of maturities, except that the relationship between protein and maturity in Harosoy was signifi cant in only 2004. Fatty acids had either inconsistent or no relationship with maturity.
Relationships between Seed Composition and Maximum Temperature in Full Sets of Isolines
The average maximum daily temperature for the 20 d before maturity was used (Howell and Cartter, 1953; Wilcox and Cavins, 1992) for our analysis of both the full sets of isolines and the common set because regression analysis showed a stronger association with seed composition traits for both Clark and Harosoy isolines than for the periods of 30 or 40 d before maturity (data not shown). Correlation relationship (r 2 = 0.46) ( Fig. 2A ) in 2004 and a significant negative relationship (r 2 = 0.28) (Fig. 2B ) in 2005. Signifi cant (P ≤ 0.05) positive relationships were found between average maximum temperature and palmitic (r 2 = 0.33) and stearic (r 2 = 0.38) acids ( Fig. 2A) in 2004, but a signifi cant negative relationship was found between the average maximum temperature and oleic acid (r 2 = 0.18) (Fig. 2B) in 2005 . None of the fatty acid relationships were signifi cant in 2005 (Table 3 ). There was no signifi cant relationship for linoleic or linolenic acids in either year (Table 3 and Fig. 2A, 2B ). For the Harosoy isoline set, maximum temperature showed no consistent relationship with protein, oil, or fatty acids (Table 3 and Fig. 2C, 2D ). Regression analyses (Table 4) 
Effects of Genotypic Background on Seed Composition among Lines with Common Maturity Genes
Analysis of variance to evaluate the eff ect of genotypic background of Clark and Harosoy isolines on the relationship between protein and oil concentrations and maturity was conducted using a general linear mixed model. The results showed that there was no eff ect of genotypic background on the overall mean of protein or oil concentration (Table 5 ). Although year eff ects were not significant, the year × E-gene interaction was highly signifi cant (P < 0.0001) and the year × background was marginally signifi cant (P = 0.0807) with an F-value that was much higher than the year F-value.
Partial Contribution of Maturity and Temperature to Protein and Oil
To better understand the partial contribution of each variable (isoline set, maturity, temperature, and their interactions) to the total protein and oil concentration, a commonality analysis was conducted on the full sets of isolines to partition explainable variance into the portions attributable to each independent variable and to common eff ects (Table 6 ) as mentioned previously in Materials and Methods. Since photoperiod had similar eff ects as maturity (Table 3) and to avoid additional complexity in the model, only isoline set, maturity, and temperature were included in the analysis. We did not include variation due to each individual isoline in the model so that diff erences due to the isoline are not removed. Results were expressed as coeffi cient of determination (r 2 ). The analysis indicated that maturity was a greater contributor to total protein and oil concentrations than maximum temperature. It must be noted that the common eff ects of isoline set, maturity, and maximum temperature were major contributors to protein and oil concentrations, refl ecting the signifi cance of environment and genotype interaction (Table 6 ). Commonality analysis for the common set showed a similar trend of partial contribution of each source of variability component as in the full range of maturities, except that the percentage contribution of each source was smaller in the common set (data not shown), refl ecting a shorter region of maturity period. 
DISCUSSION Protein and Oil as Affected by Maturity and Temperature
Regression analysis for the full set of maturities showed that growing later maturing isolines led to an increase in protein concentration across 2 yr for Clark isolines but not for Harosoy isolines. A decrease in oil concentration was observed with later maturity in both Clark and Harosoy isolines in both years, with the relationship much stronger in Clark than in Harosoy. The inverse relationship between protein and oil has already been well established (Burton, 1985; Wilcox and Shibles, 2001; Ray et al., 2006) . The inverse relationship between protein and oil is thought to be genetically controlled and associated with environmental variability and genotype diff erences (Hymowitz et al., 1972) , and related to energy cost partitioning between protein and oil syntheses (Egli and Bruening, 2007) , but the mechanism controlling this relationship is still unknown. Since the lines within each isoline set have the same genotypic background (Clark or Harosoy), the increase of protein or decease in oil with later maturing isolines was due to maturity. The full Harosoy set did not contain later maturing lines as the Clark set did, and this may account for the lack of relationship between protein and maturity in these lines. Therefore, it was necessary to look at lines with similar maturities and evaluate the relationship of seed composition and maturity in each set separately. The relationship (Fig. 3) was similar to that of the full range of maturities, except for protein concentration in Harosoy. The protein concentration in the Harosoy set showed a signifi cant (r 2 = 0.28, P ≤ 0.05) positive relationship with maturity, which was not observed when the full range of maturities was considered. This may be because we focused on a shorter period of maturation and omitted the earliest Harosoy isolines.
The nonsignifi cant eff ects of genotypic background of Clark and Harosoy isoline sets in the common sets of isolines indicate that the overall mean of protein and oil was not aff ected by either background (Table 5 ). The eff ect of the E-genes in the common set was signifi cant, as expected. The interaction of the E-gene and background was also significant, indicating that lines with the same E-gene combinations did not have similar maturity dates in each lines (Table  5 ). This can be seen in ΔMAT (Table 1 ). The insignifi cant eff ects of genotypic background of Clark and Harosoy on protein and oil was also shown in the commonality analysis (Table 6 ) in which the portion of the variation that is unique to the genotypic background, either Clark or Harosoy, of the isoline sets was very low.
Based on the results, maturity had a signifi cant linear relationship with protein and oil for the Clark genotypic background. However, for the Harosoy lines, only oil had a signifi cant linear relationship with maturity and the nature of the relationship was positive in some years and negative in others. This can partially be explained by the fact that the full set of isolines did not have the same spectrum of maturity dates. Certain Clark lines matured much later than the latest Harosoy line. The regression results for the common set of isolines were similar to the full set, except that for Harosoy lines there was a significant positive linear relationship between maturity and protein in 2004 only (Table 4 ). This indicates that the eff ect of maturity on seed composition may be generalized across the tested genotypes in this experiment. However to extrapolate this conclusion to other genotypic backgrounds, further testing of other backgrounds is needed. Dardanelli et al. (2006) suggested that the diff erences in protein levels among genotypes depended on the range of temperature under which the genotype developed during seed fi lling period. They hypothesized that later maturing genotypes may have accumulated more protein than early maturing because the former may have developed its seed when mean daily temperatures were under 20°C. However, Dardanelli et al. (2006) did not report the actual temperatures during seed fi ll for any of their fi eld trials and the fi gure of 20°C was based on the mean temperature at a location for a 7-mo period over 30 yr. Since the maximum temperature for any location reported by Dardanelli et al. (2006) was 30.3°C, it is possible that for our experiment most lines matured under higher temperatures (average maximum temperature during seed fi ll (20 d before maturity) across 2 yr was about 31°C ( Fig. 2A-D) than those reported by Dardanelli et al. (2006) . The higher protein in later maturing isolines is due to later maturity, although temperature during seed fi ll cannot be excluded as a source of variability for protein enhancement.
Short-season genotypes grown in the ESPS tend to have their seed fi lling periods during higher temperatures than long-season genotypes in the traditional midsouthern production system. The signifi cant eff ect of temperature on seed composition during the seed fi ll period was reported by others. It was demonstrated that the peak rates for protein and oil deposition in the high protein cv. Prolina (Burton et al., 1999) and for the high oil germplasm N88-480 (Burton and Wilson, 1994 ) occurred at R5.5 stages of mid seed fi ll. It was concluded that the mid seed fi ll stage would appear to be optimal for the evaluation of metabolic processes underlying diff erences in seed constituent deposition among soybean cultivars (Wilson, 2004) . Dardanelli et al. (2006) found that the main eff ect of MG (MGII-MGIX) was greater than the eff ect of MG × E interaction for oil content, and oil + protein content. They showed that all environments favored high oil in cultivars belonging to MG II-III and IV. For protein, the MG × environment interaction was shown by two MG × E combinations and led to a higher protein. Dardanelli et al. (2006) also suggested that temperature eff ects could explain the consistent pattern of oil content across seasons and environments, causing a similar performance of MG.
The positive or negative relationship of seed constituents with maximum temperature may depend on the range of temperature. In our study, the range of maximum temperature during the last 20 d before maturity (fi lling period) for the Harosoy isoline set (early isolines) was from 31.6 to 33.6°C in 2004 and from 33.5 to 35.5°C in 2005. For the Clark isoline set, the maximum temperature was from 31.8 to 33.5°C in 2004 and from 33.2 to 36°C in 2005. There was almost no overlap in temperature for the 2 yr studied. We found that protein decreased as temperature increased in 2004 but it increased as temperature went up in 2005. This variable response of protein to temperature was also found by Piper and Boote (1999) where the lowest protein concentration was between 20 and 25°C, and the higher protein concentrations at temperatures lower than 20°C or greater than 25°C. In our study the average daily temperature during the period from the earliest isoline to the latest isoline was 25.6°C in 2004, and in 2005 it was 29.1°C, but it is diffi cult to relate our specifi c results to theirs as we did not have constant temperature or overlapping temperatures between our experiments.
Our results also support Dardanelli et al. (2006) reasoning that temperature during seed fi ll was the basis for their fi nding maximal protein in MG II-III and MG VI in certain environments as MG II-III generally matured under higher temperatures than MG VI. This lack of overlap of temperatures between years could explain the inconsistent direction (positive or negative) or inconsistent levels of signifi cance of the relationships detected, especially among the fatty acids. Although the trend of the relationship between seed composition and maximum temperature changed, depending on the range of temperature observed (i.e., 2004 vs. 2005) , the inverse relationship between protein and oil was maintained within each year.
In addition, our results agreed with those of Gibson and Mullen (1996) , Dornbos and Mullen (1992) , and Thomas et al. (2003) in that oil concentration increased as temperature increased up to a point, and then it decreased as temperature increased. Similarly, we found that protein increased linearly, but only in 2005 when temperatures were high; in 2004 when temperatures were lower, there was a negative relationship between protein and temperature. These conclusions were also found when we analyzed the common set. It is possible, however, that if we had observed in 1 yr a range of temperatures from the lowest temperature in 2004 to the highest temperature in 2005, we may have observed a tendency of a quadratic relationship between protein and oil and temperature as reported by Piper and Boote (1999) in their study where the temperature ranged between 14.6 to 28.7°C and Thomas et al. (2003) in their experiments on the eff ect of elevated temperature and carbon dioxide on seed composition under controlled environments, temperatures ranged from 28/18, 32/22, 36/26, and 40/30°C (day/night, maximum/minimum). Furthermore, by pairing the isolines in the common set, we have focused on a shorter period of maturation and have omitted later maturing lines in Clark and earlier lines in Harosoy, and this resulted in a linear regression (Fig. 3 and 4) . The increase of oil with maximum temperature observed in our experiment was also supported by Howell and Collins (1957) who showed that soybean grown under warmer temperature conditions produced beans with higher oil content. The cause of protein change in response to temperature in different genotypes is unknown. Most of the available studies were growth chamber studies where selected temperatures were held constant for day and night, as opposed to natural diurnal cycles (Piper and Boote, 1999) . Howell and Cartter (1953) reported that in northern varieties, maximum temperatures were more closely correlated with oil concentration than were the minimum temperatures. The opposite was true of southern varieties, except that during the last 10 d before maturity, maximum temperatures continued to be signifi cantly correlated with oil concentration, whereas minimum temperature did not.
Partial Contribution of Maturity and Temperature to Protein and Oil
To evaluate the direction eff ect (additive/enhancing or antagonistic/suppressive) of the relationship between temperature and maturity on protein and oil concentrations, regression equations containing both linear and quadratic functions for maturity and temperature were established. The resulting response surface model indicated that, on a year-by-year basis, a regression based on maturity alone had a better fi t than a regression based on temperature alone. However, adding temperature to a model containing maturity resulted in signifi cant (P ≤ 0.05) enhancement of r Quantifi cation of partial contributions to protein production using commonality analysis (Table 6) showed that the contribution of maturity to protein and oil was larger than that of temperature. The eff ects of genetic background of Clark and Harosoy isoline sets (unique eff ects due to isoline sets) on protein and oil concentration were shown to be insignifi cant. The contribution of the common eff ects of genetic background of Clark and Harosoy isoline sets, maturity, and temperature had a signifi cant contribution to protein and oil. The results emphasize that both unique maturity eff ect and common eff ects were a main source of variability in protein and oil concentration. The similar trend with smaller magnitude of the partial contribution of unique and common eff ects of each source of variability when the common set was considered refl ects the shorter period of maturities and genotypic background eff ects of both sets. The common eff ect refl ects environment and genotype interaction that is not yet understood and needs further investigation.
Fatty Acids as Affected by Maturity and Temperature
Fatty acids did not show consistent signifi cant relationship with maturity, except for stearic acid in Clark isolines in which there was a consistent negative relationship (Table 3 and Fig. 1A, 1B) . Similar results of inconsistency between fatty acids and maturity and maximum temperature were found when the common set was considered (Fig. 3 and  4) . The inconsistency in the relationship between fatty acids and temperature was observed in our experiment in both isoline sets. This is not in agreement with other studies, which found that seed development under higher temperature resulted in decreases in linoleic and linolenic acids but increases in oleic acid content (Howell and Cartter, 1958; Dornbos and Mullen, 1992) . Oliva et al. (2006) found that the contents of oleic, linoleic, and linolenic acids were strongly correlated with average temperature during the fi nal 30 d of the reproductive period. On the other hand, Maestri et al. (1998) found that there was no eff ect of mean temperatures on fatty acids. Results from Carver et al. (1986) suggested that oleic acid levels increased and linoleic and linolenic acid levels decreased when soybean was grown in warmer environments. Lines bred for reduced levels of linolenic acid tended to be less sensitive to environmental variability as compared to saturated and monounsaturated fatty acids (Carver et al., 1986) .
Based on the above discussion, among all the fatty acids, the only consistent signifi cant relationship across years was between stearic acid and maturity. This was not expected, especially for oleic acid concentration since it has been shown that oleic acid content increases with temperature (Oliva et al., 2006) . It is most likely that the levels of oleic in this study were not signifi cantly aff ected by temperature because all the temperatures were high and all the lines had normal, rather than elevated levels of oleic acid. The response and sensitivity of fatty acids to temperature may depend on genotype, MG, temperature ranges under which seed matured, and the level of fatty acid in seed.
CONCLUSIONS
Although genotypic background did not have a signifi cant eff ect on the overall mean of protein and oil concentrations, each background did have a diff erent eff ect on the relationship between maturity and seed composition. Maturity had a consistent eff ect on protein and oil content for the Clark isoline set. However, maturity had an inconsistent eff ect on protein and consistent eff ect on oil for the Harosoy isoline set. Since we tested only two genotypic backgrounds, further testing of other genotypic backgrounds is needed before the eff ect of maturity on seed composition can be generalized across backgrounds. Maturity had no consistent eff ect on fatty acid composition of the oil, except for stearic acid, where the eff ects were minimal.
Temperature was shown to be a contributing factor in seed composition variability, and the increase or decrease of seed oil or protein concentration dependent on the range of temperatures under which soybean seed mature. The contribution of the common eff ects (genotypic background of Clark and Harosoy isoline sets, maturity, and temperature all together) to the total variance of protein and oil was also signifi cant. The nature of this relationship is still not understood and needs further investigation. This information will be useful in soybean breeding programs for developing germplasm for seed composition traits.
